Online First articles must include the digital object identifier (DOIs) and date of initial publication. establish publication priority; they are indexed by PubMed from initial publication. Citations to may be posted when available prior to final publication For cigarette smokers, tobacco harm reduction may involve reducing exposure to cigarette smoke toxicants, perhaps with potential reduced exposure products (PREPs; [12] ). Currently marketed PREPs for smokers include cigarette-like combustible tobacco products, non-combustible tobacco products (i.e., smokeless tobacco), and non-combustible, non-tobacco products that deliver pharmaceutically pure nicotine (e.g., nicotine patch or gum). While PREPs are often marketed to reduce toxicant exposure, decades of experience with so-called "low yield" cigarettes that decreased neither toxicant exposure nor smoking-caused disease highlights the importance of measuring smokers' PREP-associated toxicant exposure. [11, 13] Abstinence symptom suppression is also relevant: if a PREP cannot suppress aversive abstinence symptoms, smokers who try the PREP may relapse to cigarette use as they often do during a quit attempt.[14-15] Thus, tobacco toxicant exposure and abstinence symptom suppression are both key PREP evaluation outcomes.
INTRODUCTION

4
and reported smoking at least 15 cigarettes/day (M = 22.4, SD = 7.5) for at least 1 year (M = 10.8 years, SD = 9.9). Exclusion criteria consisted of history of chronic health problems, current pregnancy or breastfeeding, active menopause, current use of smokeless tobacco, currently attempting to quit smoking, or self-reported use of Marlboro Snus, Camel Snus, or Ariva (i.e., >1 pack). Materials Non-combustible products Star Scientific Inc.'s Ariva (ARIVA) is a compressed tobacco tablet purported to be low in tobacco specific nitrosamines (approximate weight = 0.2 g). "Mint" was chosen arbitrarily as the flavor for this study. One tablet produces a maximal plasma nicotine concentration of approximately 2.7 ng/ml nicotine. [20] [21] R.J. Reynolds's Camel Snus (CS) is a pouch of pasteurized tobacco (approximate weight = 0.3 g). "Original" was chosen arbitrarily for this study. Camel Snus was first marketed in select U. [22] Philip Morris Inc.'s Marlboro Snus (MS) is also a pouch of pasteurized tobacco (approximate weight = 0.2 g). "Mild" was chosen arbitrarily for this study. MS contains 12.8 mg/g dry weight total nicotine and 0.35 mg/g unprotonated nicotine. [22] MS was obtained through retail outlets.
GlaxoSmithKline's Commit lozenge (COMMIT) is a pharmaceutical product marketed as a smoking cessation aid. The 2 mg ("original" flavor) lozenge was chosen for this study (maximal plasma nicotine concentration approximately 4.4 ng/ml; [23] ).
Combustible products
Participants' self-reported own brand of cigarettes were used in the own brand (OWN) and sham (SHAM; puffing on an unlit cigarette) conditions. According to the Federal Trade Commission (FTC) method, on average, OWN yielded 1.1 mg nicotine (SD = 0.3), 15.5 mg tar (SD = 3.3), and 15.2 mg CO (SD = 2.8). Vector Tobacco Inc.'s Quest (QUEST) is made from genetically modified low nicotine tobacco (Quest 3, nicotine = 0.05 mg, menthol flavor if own brand was menthol).
Procedure
Participants completed seven, approximately 2.5-hour sessions which differed by product used: ARIVA, CS, MS, COMMIT, OWN, SHAM, QUEST. Before a session could begin, overnight cigarette abstinence was verified (i.e., expired air CO ≤ 10 ppm; see [16] ). Then, a catheter was inserted into a forearm vein and the session began (at time 0) with continuous physiological recording. Thirty minutes after session onset (time +30), participants responded to all subjective effect measures, 7 ml of blood was sampled, and session-specific product was administered. Participants then responded to subjective measures and 7 ml blood was sampled at 5, 15, 30, and 45 minutes post-administration. CO was measured 15, 30, and 45 minutes postadministration (reliable CO measurement occurs at least 5 minutes post-smoking; [24] ). Sixty minutes after the first product administration (time +90) participants responded to the subjective measures, blood was sampled, product was administered again, and the post-administration measurement/sampling schedule was repeated. The catheter was removed, participants were paid for their time and, if necessary, another session scheduled. Payment for completing the study was $450.
Administration Instructions
Opaque paper was used to mask brand identifiers on OWN, QUEST, and SHAM. OWN and QUEST were smoked ad libitum. For SHAM participants were asked to take ten puffs approximately 20 seconds apart (similar to [16] ). For the non-combustible products, no brand information was revealed to participants; products were administered in unmarked containers. For CS and MS, participants were asked to place the pouch between their lip and gum for 15 minutes. For ARIVA and COMMIT participants allowed the product to dissolve in their mouth without chewing or swallowing it.
Outcome measures Physiological measures
Blood samples were centrifuged, plasma stored at -70° C, and analyzed for nicotine level (as in [18] ; limit of quantitation or LOQ = 2.0 ng/ml). Heart rate (HR) was measured every 20 seconds (Model 506, Criticare Systems, Waukesha, WI). Expired air CO was assessed with a BreathCO monitor (Vitalograph, Lenaxa, KS).
Subjective measures
The Tiffany-Drobes Questionnaire of Smoking Urges Brief (QSU Brief) consists of 10 smoking-related items and has been empirically validated. [25] Participants rated each item on a 7-point scale ranging from 0 (Strongly disagree) to 6 (Strongly agree). The items form two factors: Factor 1 (intention to smoke) and Factor 2 (anticipation of relief from withdrawal). In addition, 35 items used a computerized visual analog scale (VAS) to assess various subjective effects. A word or phrase was centered above a horizontal line anchored on the left with "Not at all" and on the right with "Extremely." Participants responded by moving a cursor to any point on the line and clicking, producing a vertical mark, which could be adjusted if necessary. The score for each scale was the distance of the vertical mark from the left anchor, expressed as a percentage of total line length (see [16] ). Tobacco abstinence symptoms [6] were used to form 11 VAS items, which are presented verbatim in Table 1 . The 10 VAS items of the Direct Effects of Nicotine Scale are also presented in Table 1 (see [26] ). The 14 VAS items of the Direct Effects of Tobacco Scale were adapted from items reported in studies of smoking's subjective effects (e.g., [27] [28] ) by substituting the word "product" for "cigarette". The 14 items were "Was the product satisfying?", "Was the product pleasant?", "Did the product taste good?", "Did the product make you dizzy?", "Did the product calm you down?", "Did the product help you concentrate?", "Did the product make you feel more awake?", "Did the product reduce your hunger for food?", "Did the product make you sick?", "Did the product taste like your own brand of cigarette?", "Did the product feel like your own brand of cigarette?", "Did the product feel as harsh as your own brand of cigarette?", "Did the product feel as mild as your own brand of cigarette?", and "Would you like more of the product RIGHT NOW?" (see [18] ).
Data analyses
HR values were averaged for 5-minute periods before each product administration or any blood sampling procedures. For plasma nicotine, results below the LOQ were replaced with the LOQ. In the event of missing data, an average of the value before and after the missing value was used (less than 0.07% of data were missing).
Plasma nicotine, subjective, and physiological data were analyzed initially using a mixed repeated measures analysis of variance where CS version (2006 or 2008) was entered as a between subjects factor and the three within subjects factors were Condition (seven levels; ARIVA, CS, MS, COMMIT, OWN, SHAM, QUEST) by use episode (two levels; first, second) by time (number of levels depended upon outcome measure). Of 320 main effects and interactions involving the between subject factor (CS version), only six were significant (p < .05). Because these few significant results may reflect chance rather than real differences, the between subjects factor was dropped and analyses repeated using the within subject factors only. Huynh-Feldt corrections were used to account for violations of sphericity [29] and Tukey's Honestly Significant Difference (HSD; [30] ) was used to explore differences between means (p < .05).
RESULTS
Statistical analyses (main effects and interactions) for all measures are displayed in Table  1 . Interactions that involve the condition factor are most relevant, as they indicate that the results observed differed across products and at least one other factor.
Physiological measures
As Table 1 shows, significant condition by use episode and condition by time interactions were observed for plasma nicotine (Fs > 3.5; Ps < .05). As seen in Figure 1A , relative to baseline (collapsed across all conditions, 2.4 ng/ml, SEM = 0.2) OWN was associated with significant increases in plasma nicotine level at nearly every time point. The greatest mean increase was observed five minutes after the first (mean = 20.7 ng/ml, SEM = 2.8) and second (mean = 20.6 ng/ml, SEM = 2.0) product administration. Neither QUEST nor SHAM increased plasma nicotine level reliably. Relative to baseline, mean CS plasma nicotine level was significantly greater 15 minutes after the second product administration (7.6 ng/ml, SEM = 1.1). At that same time point, mean plasma nicotine level for MS was 2.9 ng/ml (SEM = 0.3), for ARIVA was 3.4 ng/ml (SEM = 0.3), and for COMMIT was 4.6 ng/ml (SEM = 0.5; all n.s.). Relative to mean plasma nicotine levels in the OWN condition, levels observed in all other conditions were significantly lower 5 and 15 minutes after the first and 5, 15, and 30 minutes after the second product administration.
For HR, a significant condition by use episode by time interaction was observed (p < .001). For OWN, mean baseline HR was 67.8 bpm (SEM = 1.9) and increased significantly to 82.3 bpm (SEM = 2.3) five minutes after the first product administration; it remained significantly elevated 15 and 30 minutes post-administration. Significant increases relative to baseline also were observed 5, 15, and 30 minutes after the second administration. For QUEST, mean baseline HR was 68.7 bpm (SEM = 2.1) and increased significantly to 73.1 bpm (SEM = 2.1) five minutes after the first but not the second product administration. Mean heart rate in the SHAM condition was stable or decreased over both administration periods. For the noncombustible conditions, a significant increase in heart rate was observed during the CS condition; heart rate at baseline was 67.8 bpm (SEM = 2.3) and then increased significantly to 72.0 bpm (SEM = 2.4) 15 minutes after the first product administration. No significant increases were observed for ARIVA, COMMIT, or MS.
For CO, a significant condition by use episode interaction was observed (p < .001). Relative to baseline (collapsed across all conditions, mean = 6.5 ppm, SEM = 0.5), expired air CO increased in the OWN and QUEST conditions after the first (OWN mean = 12.8 ppm, SEM = 0.7; for QUEST = 11.0 ppm, SEM = 0.6) and second product administration (OWN mean = 17.5 ppm, SEM = 1.0; for QUEST = 14.4 ppm, SEM = 0.8). There were no significant changes in any other condition. 
Downloaded from
Abstinence symptom suppression and direct effects of nicotine A significant condition by time interaction was observed for both factors of the QSU Brief (Fs > 4.4, Ps < .001). Figure 1B displays data for Factor 1 (intention to smoke), which had the higher condition by time F value. Relative to baseline, OWN was associated with significant decreases at nearly every time point. A similar pattern was observed for QUEST. For SHAM, scores remained relatively high and stable. Factor 1 scores during non-combustible conditions tended to decrease after the second product administration only. Relative to baseline, scores in the CS condition were significantly decreased 15 (mean decrease = 6.3, SEM = 2.3) and 30 minutes (mean decrease = 5.4, SEM = 2.2) after the second product administration. Similarly, for COMMIT scores were decreased significantly relative to baseline at 15 (mean decrease = 5.9, SEM = 1.9) and 30 minutes (mean decrease = 6.3, SEM = 1.9) after the second product administration (p < .05). No significant differences were observed after ARIVA or MS. During all non-combustible conditions, Factor 1 scores were significantly higher relative to OWN at 5 and 15 minutes after the first product administration and at 5, 15, 30, and 45 minutes after the second product administration.
Significant condition by time interactions were observed for "Urges to smoke" and "Craving a cigarette/Nicotine" (see Table 1 ; Fs > 6.7, Ps < .001). Figure 1C shows the results for "Craving a cigarette/Nicotine," the item with the larger F value. For this item, OWN was associated with significant decreases in craving scores relative to baseline at nearly every time point. QUEST was associated with a similar pattern, while mean craving scores during SHAM were relatively high and stable over both administrations. For the non-combustible products, relative to baseline, scores in the CS condition were significantly decreased 15 (mean decrease = 20.9; SEM = 6.5) and 30 minutes (mean decrease = 20.0; SEM = 5.5) after the first product administration and 5 (mean decrease = 19.0; SEM = 6.0), 15 (mean decrease = 23.9; SEM = 6.1), and 30 minutes (mean decrease = 22.1; SEM = 6.0) after the second product administration. For COMMIT, mean craving score decreased significantly at every time point after the second product administration. For MS craving decreased significantly only once, 30 minutes after the first product administration, while ratings in the ARIVA condition never decreased significantly. During all non-combustible conditions, craving scores were significantly higher relative to OWN at 5 and 15 minutes after the first product administration and at 5, 15, 30, and 45 minutes after the second product administration.
A significant condition by use episode by time interaction was observed for the Direct Effects of Nicotine item assessing "Dizzy," while significant condition by time interactions were observed on items assessing salivation, nausea, headache, and heart pounding (Fs > 2.1, Ps < .05). The three-way interaction for the "Dizzy" item is explained by an increase from baseline in the OWN condition at the 5 minute time point after the first administration (mean increase = 12.3; SEM = 5.5; n.s.) that was not observed after the second administration and also was not observed in any other condition. For salivation, all non-combustible products (but no combustible products) produced a significant increase relative to baseline. For nausea, no products produced significant increases relative to baseline, but after the first administration of ARIVA or CS there was a trend toward increased ratings 5 minutes after product administration (ARIVA's mean increase = 11.9, SEM = 5.5; CS mean increase = 14.5, SEM = 5.2; n.s.).
Direct effects of tobacco
Significant condition by use episode by time interactions were observed for most Direct Effects of Tobacco items (Table 1 ; Fs > 2.1, Ps < .05). Four of these items related to own brand cigarette smoking (e.g. "Did the cigarette taste like your own brand of cigarette?"). Across these items scores during the OWN condition were consistently higher than other conditions. For example, for the item "Does the product taste like your own brand?", in the OWN condition, the mean score at baseline was 0.3 (SEM = 0.3) and then increased significantly to 67.0 (SEM = 6.9) five minutes after the first product administration. For QUEST, the mean baseline score was 0.1 (SEM = 0.1) but then increased to 11.1 (SEM = 3.4) five minutes after the first product administration (n.s.). Among non-combustible products, no significant increases were observed for this item at any time point after the first product administration.
The other items on this scale concerned perceptions on a variety of dimensions (e.g., taste, satisfy). Figure 1D presents the responses to one such item, "Was the product pleasant?". Relative to baseline, scores on this item increased significantly for all time points after the first product administration in the OWN, QUEST, ARIVA, and MS conditions, with significant increases in the CS condition at 5 and 15 minutes after the first product administration and no significant increases observed in SHAM or COMMIT. Relative to OWN, mean scores on this item were significantly lower for all other conditions across all post-administration time points. This general pattern of results was also observed on items assessing "Was the product satisfying?" and "Did the product taste good?". For items assessing product effects on ratings of "calm you down", "help you concentrate", "reduce hunger", "more awake", and "more product right now" significant increases were observed for OWN, with fewer or no significant increases relative to baseline observed in any other non-combustible conditions.
DISCUSSION
The clinical laboratory methods used to evaluate the toxicant exposure and subjective effects associated with acute exposure to combustible PREPs (e.g., [16] [17] 31] ) were adapted in this study to evaluate non-combustible PREPs for smokers. The study demonstrated the importance of controlled laboratory evaluation. For example, including an own brand condition demonstrated the dose of nicotine to which smokers are accustomed as well as the rapidity of its delivery: on average, 5 minutes after beginning to smoke a single own brand cigarette, participants' mean plasma nicotine level increased by approximately 18 ng/ml. Non-combustible PREPs included in this study delivered a nicotine dose an order of magnitude less, and significant increases were observed later, if at all (i.e., 15 minutes after the second product administration; see Figure 1A ). The own brand condition also revealed the usual level of CO exposure (about 6 ppm, on average) and, as might be expected, no non-combustible PREP increased CO.
The study also highlighted the importance of assessing the PREP subjective effects, and comparing them to positive (OWN) and negative (SHAM) controls. For example, on measures of tobacco abstinence effects, OWN demonstrated the magnitude of suppression a smoker might expect a PREP to deliver, while SHAM demonstrated a failure to suppress abstinence (see Figure  1B and C). Several non-combustible PREPs produced reliable suppression at some time points among several measures of abstinence symptomology (e.g., QSU Brief Factor 1, "Craving a cigarette/Nicotine", "Urges to smoke") though OWN always produced suppression of greater magnitude. PREPs that fail to suppress abstinence effectively are unlikely to substitute for normally marketed cigarettes completely, and thus may have limited harm reduction potential. [15, 18] Another factor that may limit the likelihood that a PREP will substitute completely for normally marketed cigarettes involves acceptability -the extent to which the product provides sensory characteristics that are pleasant and/or match those provided by a smoker's usual brand of cigarettes. In this study, in virtually every measure of acceptability, non-combustible PREPs were closer to the lower limit (i.e., SHAM) than the upper limit (i.e., OWN). When PREPs are unable to deliver nicotine, suppress abstinence symptoms, and satisfy sensory demands as effectively as a smoker's usual brand of cigarettes, their potential as instruments of harm reduction for tobacco users is very uncertain.
In addition to offering experimental control and a variety of relevant outcome measures, clinical laboratory methods for PREP evaluation are reliable and adaptable. The reliability of these methods has been noted elsewhere [17] and is evidenced here by the similarity of results across studies that used the same outcome measures and control conditions. [14, [16] [17] . The adaptability of these methods is evidenced by the fact that they are demonstrably useful for evaluating combustible PREPs for smokers [14, [16] [17] [18] , and non-combustible PREPs for smokeless tobacco users [32] and smokers (the present study). In addition, our ability to test two versions of CS in this study demonstrates how the methods might be used to respond to changes in PREP design, although a within-subject manipulation would likely have greater power than the relatively insensitive between-subject factor reported here.
An acute study limits assessment of how longer PREP experience influences study outcomes as well as PREP-induced changes in carcinogen exposure. However, evaluating the short-term effects of PREP exposure remains relevant because, after trying a particular PREP a few times, smokers must choose to purchase that PREP or their usual brand of cigarettes. That choice may be guided by the knowledge that, in the short-term, the PREP failed to suppress abstinence symptoms and satisfy sensory factors.
In conclusion, this study demonstrates how clinical laboratory methods can be used to evaluate the short-term effects of non-combustible PREPs for smokers. Results suggest that while these non-combustible products do not expose smokers to CO, they also deliver less nicotine than own brand cigarettes and fail to suppress tobacco abstinence symptoms effectively. Indeed, the subjective effects observed in this study do not support the notion that, as presently formulated, non-combustible PREPs for smokers will be a viable harm reduction strategy for the population from which this sample was drawn (i.e., U.S. tobacco cigarette smokers). Comprehensive pre-market PREP evaluation using established methods and representative samples in the context of a regulated and iterative process designed to minimize toxicant exposure and maximize abstinence symptom suppression may be the most productive method for realizing the public health potential of PREPs for tobacco users. Figure 1 . Mean data (±1 SEM) for plasma nicotine, Factor 1 from the Tiffany Drobes QSU Brief, "Craving a cigarette/Nicotine" from the Hughes-Hatsukami Withdrawal Scale, and "Was the product pleasant?" from the Direct Effects of Tobacco Scale across conditions (N=28). Arrows indicate product administration, filled symbols indicate a significant difference relative to baseline, and asterisks (*) indicate a significant difference of OWN mean relative to all noncombustible product means at that time point (p < .05, Tukey's HSD)
FIGURE CAPTION
What this paper adds
The tobacco industry has begun marketing to smokers orally-administered, non-combustible potential reduced exposure products (PREPs; for example, compressed tobacco tablets; small pouches of tobacco). Few studies describe the effects of these PREPs in smokers. Careful evaluation of these and other PREPs is essential, given that previous industry sponsored PREPs (that is, low yield cigarettes) reduced neither smokers' exposure to tobacco delivered toxicants nor tobacco associated mortality.
This study adapted methods used to examine combustible PREPs to assess the acute effects of these non-combustible PREPs for smokers. The non-combustible products delivered less nicotine than own brand cigarettes, did not expose smokers to CO, and failed to suppress tobacco abstinence symptoms as effectively as combustible products. While decreased toxicant exposure is a potential indicator of harm reduction potential, a failure to suppress abstinence symptoms suggests that currently marketed non-combustible PREPs may not be a viable harm reduction strategy. This study demonstrates how clinical laboratory methods can be used to evaluate the short-term effects of non-combustible PREPs for smokers. 
